raw material of silica and alumina, and yttria concentrate is used for raw material instead of pure yttria. Both of CaO and ZnO are used for raw material and ratio of CaO to ZnO is fixed to 16:7 (weight ratio). In the system Shirasu glass-Y2O3 concentrate-CaO-ZnO, the region of glass forma tion was determined. Densities, thermal expan sion coefficients and Vickers hardnesses of the glasses were measured. In a specific composition al region, needle-like crystals were observed and they were studied by scanning electron micros copy (SEM) and X-ray diffraction (XRD). The glasses of two different compositions in this region were heat-treated and crystallized at va rious temperatures and heat-treating time. The structures of specimens were investigated by SEM and XRD. Furthermore the crystallized glass by heat-treatment were inverstigated with regard to machinability by lathe and drill. is shown in Fig. 1 . As Fig. 1 shows, the glass-forming region in this system spreads from the region in the system SVG-CaO ZnO toward the region for SVG-Y2O3 concen trate.
The CYS=Ca4Y6O(SiO4)6, CAS=CaA12Si2O8 (anorthite) ( for 1h, 4h, 24h and were observed by SEM. The specimen which was heat-treated for 1h was hardly crystallized. The specimen which was heat-treated for 24h was crystallized and con tained very little amount of glassy phase. The results are shown in Fig. 7 (1, 2, 3 ). The specimen which was heat-treated for 24h was investigated by XRD. Ca4Y6O(SiO4)6 and anorthite were detected.
(1) (2) (3) (
24h. Fig. 8 . The machined specimen by lathe. Fig. 9 . The machined specimen by drill.
Examination of machinability
The rods of crystallized glass were obtained by above mentioned method. The rods were machined by lathe. A cemented carbide tools for metal machining was used in the condition of cutting speed of 38m/min, depth of cutting of 0.02mm, and feed of 0.12mm/rev. The machined specimen thus obtained are shown in Fig. 8 . The result of machining by drill is shown in Fig. 9. 4. Discussion 4.1 Linear relation between some physical properties and glass composition It is known that some linear relation exists between the specific volume (reciprocal of density) of glass and glass composition. In this work the additivity in multi-component silicate glass was examined by Huggins's method. 9) The specific volume is expressed by the following equation.
where k is a characteristic constant of annealing technique, bsi, Sm, Vm, Huggins's coefficients, and Fm weight fraction of a given component. The density is given by CaO-Y2O3-Al2O3-SiO2 which was prepared from pure reagents3) and 3 times as large as the hardness of mica precipitated type glass ceramics. Conse quently, the specimen are expected to have higher abrasion resistance than the mica type glass ceramics.
Summary
We have investigated the formation of the glasses containing Shirasu, yttria concentrate, calcium oxide and zinc oxide from melts. Densi ties, thermal expansion coefficients and Vickers hardnesses were measured for some glasses. Linear relation between some physical properties and glass composition has been discussed. The agreement between observed values of density is satisfactory. On the contrary, observed values of thermal expansion coefficient are smaller than calculated values for yttria containing glasses. In a specific compositional region, crystals with needle-like habit were observed by SEM , which were identified as Ca4Y6O(SiO4)6 by XRD. The crystallized glass was able to be machined by lathe, and it is applicable to the machinable glass ceramics. This glass ceramics has a higher Vickers hardness than usual machinable glass ceramics.
